Diabetic macular edema (DMO) is a leading cause of blindness in the working age population. Although anti-vascular endothelial growth factor (VEGF) therapy provided a major advance in treatment of DMO for many patients, there is a significant proportion of patients who maintain persistent DMO and have minimal response to anti-VEGF treatment. Iluvien (fluocinolone acetonide 0.19 mg [FAc]) is an important additional treatment option for DMO. In this review we describe the clinical context and the evidence for the use of the FAc implant in treating DMO, from pilot to randomized controlled studies, to later phase real world data. These studies indicate that the FAc implant is effective, well tolerated and a costeffective option in the treatment of insufficiently responsive DMO.
INTRODUCTION
It is estimated that diabetes affects 422 million adults worldwide [1] and 3.7 million people in the UK (2016-2017 data) [2] . Diabetic macular edema (DMO) is the leading cause of blindness in people of working age in developed countries, and an estimated 12% and 27% of patients with type 1 and type 2 diabetes mellitus, respectively, have DMO [3] . DMO occurs due to impairment in the blood retinal barrier and increased leakage from blood vessels due to the loss of supportive cells, cell dysfunction, and inflammatory changes [4] . One key regulator in this process is vascular endothelial growth factor (VEGF), which has been successfully targeted with anti-VEGF monoclonal antibodies such as ranibizumab, aflibercept and bevacizumab. Corticosteroids provide an alternative therapeutic strategy by blocking leukotriene and prostaglandin synthesis via glucocorticoid receptors and subsequently acting on the arachidonic acid pathway. In addition, corticosteroids inhibit and interfere with other pro-inflammatory molecules, such as VEGF-alpha, interleukin-6 and intercellular adhesion molecule-1, and increase vasoconstriction by nitric oxide inhibition [4] [5] [6] [7] [8] .
The tradition clinical treatment of DMO was largely dependent on macular laser (either focal or 'grid' distribution) treatment, supplemented with unlicensed short-acting steroid injections. Over the last decade care has been transformed by a shift to intravitreal anti-VEGF injections [9] , with or without macular laser treatment, as the primary treatment for DMO. There are however a significant proportion of patients who have insufficiently responsive DMO despite anti-VEGF treatment, for whom other treatment options are required.
This article does not contain any studies with human participants or animals performed by any of the authors.
BRIEF OVERVIEW OF THE ILUVIEN TM

FLUOCINOLONE ACETONIDE IMPLANT
The Iluvien TM fluocinolone acetonide (FAc) 0.19 mg intravitreal implant (Alimera Sciences Ltd., Alpharetta, Georgia, USA) is a slow-release preparation containing fluocinolone acetonide 0.19 mg (C24H30F2O6) [8] . The implant is injected intravitreally and maintains a slow release of 0.2 lg per day for up to 36 months. The FAMOUS study demonstrated sustained release, as assessed by the concentrations of FAc in the aqueous humor, with levels of slightly more than 2 ng/ml for approximately the first 3 months followed by a maintained concentration of 0.5-1.0 ng/ml through a period of 36 months [10] .
OVERVIEW OF THE FAME TRIALS Efficacy
The FAc 0.19 mg implant was approved for treatment of DMO after it was shown to be effective for the treatment of DMO in the Fluocinolone Acetonide in diabetic Macular Edema trials (FAME A and B studies) [11, 12] , which were two parallel multicenter, randomized, sham-injection-controlled trials evaluating the safety and efficacy of the FAc implant in DMO.
Participants with persistent DMO and at least one previous macular laser treatment were randomly assigned to receive high-dose FAc (0.5 lg/day) (n = 393), low-dose FAc (0.2 lg/day) (n = 375), or sham injection (n = 185; sham group) in the ratio 2:2:1. All participants were eligible for rescue laser after 6 weeks from baseline injection. The primary efficacy endpoint was percentage of patients with best corrected visual acuity (BCVA) C 15 letter (L) gain from baseline at 24 months using the early treatment diabetic retinopathy study (ETDRS) chart. Secondary outcomes were visual function and foveal thickness. An additional study drug or sham could be given after 1 year if study retreatment criteria were met. During the study clinicians were able to give 'off protocol' therapies, such as anti-VEGF, at their own discretion, and these patients were not excluded from the trial or analysis.
In both FAc implant groups, there was a significantly higher percentage of participants with C 15L gain compared to the control at month 24: 28.7% in the low-dose treatment arm, 28.6% in the high-dose treatment arm and 16.2% in the sham treatment arm (p = 0.002); at 36 months the percentage was 28.7% (low dose), 27.8% (high dose) and 18.9% (sham) (p = 0.018). When only those left in the trial at month 36 were considered in the analysis, the percentage increased to 33.0, 31.9 and 21.4%, respectively (p = 0.030). Benefit was seen in both dosages at week 3 and at all subsequent time points. Mean letter gain at month 24 was 4.4L in the low-dose group, 5.4 L in the highdose group and 1.7L in the sham group (p = 0.02 and p = 0.016 vs. sham). This benefit was maintained at 3 years, with a mean letter gain at month 36 of 5.3L in both FAc groups and 2.0 in the sham (p B 0.018).
In a pre-planned subgroup analysis looking at patients with chronic DMO, the percentage with a C 15L gain at month 36 compared to sham was doubled: 34.0% in the low-dose group (p \ 0.001), 28.8% in the high-dose group (p = 0.002) and 13.4% in the sham group, suggesting more significant improvement in the more chronic cases [13] .
Adverse Effects
The main ocular adverse effects revealed by the FAME trials were the development of visually significant cataract and rise in intraocular pressure (IOP) or glaucoma. The development of cataract and the percentage of participants requiring cataract surgery were significantly higher in both the low-and high-dose treatment arms than in the control (sham) group. In the low-dose group 81.7% patients developed cataracts by month 36, with 80.0% undergoing cataract surgery; in the high-dose group, 88.7% developed cataracts, with 87.2% undergoing surgery; in the sham group, 50.7% developed cataracts, with 27.3% undergoing surgery. While there was a higher proportion requiring cataract surgery in the FAc groups than in the sham group, visual improvement post cataract surgery was similar to that of the baseline pseudophakic patients, and BCVA at 36 months was similar in those phakic and pseudophakic patients at baseline [14] .
A rise in IOP is a major concern to clinicians who are considering the use of intraocular corticosteroids and, therefore, the IOP profile of the FAc implant revealed in the FAME trials was of particular interest. Overall IOP-related adverse events were more common in the FAc groups than in the sham group. At 36 months the proportion of patients who had had elevated IOP requiring at least 7 days of topical IOP-lowering drops was 38.4% for the low-dose treatment group and 47.3% for the high-dose treatment group, compared to 14.1% in the sham group. An IOP of C 30 mmHg developed in 16.3% of participants in the treatment groups by month 24 and in 18.4% by month 36. The development of elevated IOP that required incisional surgery at month 24 and 36 was 1.6 and 4.8% in the low-dose group, respectively, 6.4 and 8.1% in the high-dose group, respectively, and 0.5% in the sham group. It should be noted that these rates for incisional surgery at 24 months are based on the trial data on file; they are lower than the rates published by Campochiaro et al. as their analysis included some cases with a follow-up between 24 and 36 months due to the trial analysis not being truncated at month 24 [11, 12] .
Patients who had been treated with corticosteroid previously were eligible to be included in the study provided that they did not have a prior history of corticosteroid-induced ocular hypertension (sometimes termed 'steroid responders'). A further post hoc analysis of patients who had previously received corticosteroid treatment and were thus known to be 'non-responders' (n = 72) found that none of this group of patients required incisional surgery to lower IOP, whereas 6.1% of those who had not received prior corticosteroid, required IOP-lowering surgery (n = 18) [15] . Further assessment of changes in the optic nerve head using the fundus photographs used in the FAME trials concluded that treatment with FAc was not associated with significant glaucomatous changes with or without elevated IOP [16] . Endophthalmitis occurred in 0.2% (2 eyes) with the FAc implant compared to none in the sham group.
Overall the trials showed that both the lowdose and high-dose FAc implants produced a significant improvement in BCVA over 3 years. The benefit-to-risk ratio showed the low-dose implant to be superior to the high-dose implant, and the authors of the trials concluded that the former would provide a substantial visual benefit and provide a valuable addition to treatment options available in managing patients with DMO. Following these pivotal studies, the FAc 0.19 mg implant (0.2 lg per day) was licensed for use in the USA and Europe [17] [18] [19] [20] . Treatment is the UK is guided by the National Institute for Health and Care Excellence (NICE) (UK) Technology Appraisal (TA301) which restricts its use to the treatment of insufficiently responsive DMO (defined as inadequate response to conventional therapy [laser and/or anti-VEGF], either no reduction in central retinal thickness or minimal reduction from treatment and a persistence in macular edema) only where the eye is pseudophakic and where the manufacturer provides the FAc implant at the discount agreed in the patient access scheme [17] .
REAL WORLD DATA AND LONG-TERM SAFETY OUTCOMES
To date there have been numerous papers looking at the real world efficacy and safety profile of the FAc implant at years 1 and 2 and data is emerging for 3 years. Since the FAME trials the face of DMO management has changed, with anti-VEGF becoming the predominant first-line treatment in most areas; consequently most published studies have looked at clinical efficacy, side effect profile and use of the FAc implant when the patient is insufficiently responsive to the current gold standard treatment. An overview of these publications is given in Table 1 .
Bertelmann et al. reported a case of bilateral FAc implant in a phakic patient with refractory DMO of over 20 years duration (left eye at baseline, right eye at month 6), that resulted in an improvement in retinal thickness and BCVA, with a reduction in central retinal thickness (CRT) in the left eye from 642 to 372 lm at month 13, and from 473 to 334 lm in the right eye at month 6 [21] . Early outcomes were also described by Elaraoud et al. in 22 eyes across three sites in the UK [22] . These showed a mean reduction in CRT of 148.9 lm at 3 months and mean visual gain of 6.4L. Data at 6 and 12 months were also reported in another paper by Elaraoud et al. in patients with bilateral implants and DMO, with a mean increase in BCVA of 10L at 6 months and of 10.5L at 12 months, as well as sustained CRT reduction at months 6 and 12 [23, 24] .
The results of a prospective phase IV study in France by Massin et al. [25] which enrolled patients with chronic DMO further supported the safety and efficacy data on the FAc implant for up to 12 months of follow-up. Patients included in the study were given the FAc implant at baseline, and clinical outcomes were monitored for over 1 year. Study participants were separated into two groups: chronic DMO insufficiently responsive to laser (group 1) with or without anti-VEGF (group 2). The patients were excluded from the study if they had one or more of the following: IOP of [ 21 mmHg at screening; history of steroid response; need for [ 2 IOP-lowering drops at screening; pre-existing glaucoma. Of the 16 patients, six patients (7 eyes) were in group 1 and ten (10 eyes) were in group 2. Twelve eyes were pseudophakic. Eyes of patients in group 1 had a significantly longer duration of DMO than those of patients in group 2 (7.6 vs 3.6 years, respectively). A reduction in CRT was seen at week 1, and the mean CRT reduction was 239 and 147 lm at month 1 for groups 1 and 2, respectively. This reduction was maintained at month 6 ). There was a mean gain in BCVA at all time points, with a gain of 2.0L and 6.4L in groups 1 and 2, respectively, at month 1, and gain at month 12 of 5.6L and 0.9L, respectively. Four patients required top-up therapy. The IOP increased in three eyes, and the increase was controlled with IOP-lowering drops alone. Better CRT reduction and BCVA gain at month 12 were seen in the patients in group 1, which had the more chronic DMO, thereby supporting the FAME data.
The results of a study by Alfaqawi et al. supported the 12-month data of Massin et al. [25] . These authors reported outcomes from a UK cohort, looking at 28 eyes treated with the FAc implant at a single center [26] . There was an overall mean gain in BCVA at month 12 of 8L, with 25% (n = 7) of patients gaining at least 15L and 36% (n = 10) gaining at least 10L. The mean CRT decreased by 198 lm at 12 months. The authors noted that two eyes required additional anti-VEGF after 10 months and that three eyes developed IOP that was managed with drops alone. One eye developed vitreous hemorrhage and one eye developed endophthalmitis. IOP intraocular pressure a n/a: All eyes are pseudophakic or underwent combined cataract/implant at baseline
The RESPOND trial in Portugal, an open label, phase IV, multicenter, non-randomized trial involving 12 patients (4 phakic, 8 pseudophakic) showed rapid improvement in CRT and gain in BCVA after 1 week which were sustained at all time points up to 12 months. Mean visual gain was 3.7L across all patients, with greater improvement in the pseudophakic eyes (increase of 6.8L) compared to phakic eye (decrease of 2.5L) [27] . Two patients developed a rise in IOP, which was managed with drops alone. A limiting factor of this study is the lack of BCVA analysis post cataract surgery which does not allow full assessment of the efficacy of the FAc implant on vision. In a subsequent UK study, El-Ghrably et al. showed a mean reduction in CRT of 126 lm and BCVA gain of 5.1L at month 12 in patients [28] . Eyes that developed an increased IOP were managed with topical IOP-lowering drops alone.
The main limitation of all these early outcome studies is limited numbers; however clinical efficacy and adverse effects appear to be comparable to those of the FAME trials.
More recently, the Iluvien Clinical Evidence Study (ICE-UK) study evaluated UK visual outcomes and IOP in eyes treated with the FAc implant between April 2013 and April 2015 at 13 ophthalmology centers in the UK [29] . The study evaluated 12 months pre-and post-FAc implant results for 208 patients (233 eyes), of which 89% (n = 207 eyes) were pseudophakic at time of implant. Overall, by month 12, the improvement in visual acuity (VA) was at least 5L in 44% of patients, at least 10L in 30% of patients and at least 15L in 18% of patients. A significant improvement in VA was seen at all time points post implant in those with a baseline VA of [ 55L; however, a non-significant improvement was seen in those with a baseline VA of \ 55L.
In the 12 months prior to implant, 191 (82%) eyes had had at least 1 anti-VEGF injection, 101 eyes (43%) had received steroid treatment and 146 eyes (63%) had at least one macular laser treatment. By month 12, adjunctive treatments had been given to 69 eyes (30%). Five eyes required cataract surgery within the first 3 months. IOP-lowering drops were required in 15% of patients with no prior history; none required surgical management.
Further analysis of fellow eyes in the ICE-UK study showed that a letter gain of at least 15L was achieved by more often by treated eyes than by fellow eyes (18 vs. 4%) and that the mean reduction in CRT was 113 lm in treated eyes compared to -13 lm in fellow eyes [30] .
Comparison of retinal thickness in these patients revealed that eyes with a CRT of at least 400 lm or greater were significantly more likely to develop at least a 10, 25 and 50% reduction in CRT compared to those with CRT of \ 400 lm [31] .
Although this study had large numbers, there were numerous limitations, including the retrospective nature of the study, incomplete data sets and inconsistent documentation in medical records. These were acknowledged by the authors who made attempts to minimize their effect.
LONGER TERM REAL WORLD DATA
Extended clinical benefit from the FAc implant from 12 to 24 months was first reported by Quhill et al. in a pseudophakic patient treated with a FAc implant for DMO unresponsive to laser and anti-VEGF treatments [32] . These authors noted an initial rapid reduction in CRT of 507 lm at 1 week and gain in BCVA of 15L which was maintained up to 24 months. No top-up treatment was required and there was no recurrence of fluid.
In their large cohort study, Bailey et al. looked at visual and safety outcomes for up to 24 months in 345 eyes treated with the FAc implant at 14 sites across the UK using data extraction from a single electronic medical records system [9] . Of the patients, 91% had received prior therapy for DMO, with 28.4% having had prior macular laser therapy and 84.6% having had prior anti-VEGF treatment. The mean gain in BCVA was 4.5L at 18 months (n = 120) and 5.3L at 24 months (n = 53). A minimum gain of 15.0L had been achieved by 15% of eyes at 12 months, by 15% of eyes at 18 months and by 20.8% of eyes at month 24. Mean CRT at baseline and last observation was 451.2 and 355.5 lm, respectively. The percentage of eyes requiring treatment post FAc implant was reduced, with the number of eyes requiring anti-VEGF treatment, laser treatment and steroid treatment reduced by 51.3, 2.1 and 2.5%, respectively. Regarding the IOP, 13.9% of eyes required IOP-lowering drops, 7.2% had an IOP of [ 30 mmHg, and 0.3% required surgery to manage IOP and had a prior history of IOP event. Prior to the FAc implant, 14.2% of eyes were receiving IOP-lowering medication at baseline. In eyes previously treated with steroid and no IOP problems, there were no new IOP events. Despite large numbers, data extraction from electronic medical record systems relies on complete and accurate data entry and due to the retrospective nature of analysis, missing data could not be obtained, which is a limitation of the study.
Fusi-Rubiano et al. looked at real world 2-year outcomes in a UK pseudophakic cohort and found an improvement in BCVA and reduction in CRT with the FAc implant that was sustained at 1 and 2 years [33] . Additional 3-year data in this publication was broadly similar to the longer term results seen in the FAME trials, with 50% (n = 3) improving by 15L. Supplementary treatment was needed in most cases; however, the overall burden of treatment had been reduced. Only two eyes required IOP-lowering drops in this cohort, and none required incisional surgery. Although limited by small numbers, especially for the 36-month outcomes, this study does show some of the first results for a 3-year follow-up.
VITRECTOMIZED EYES
Since the advent of intravitreal agents there has been discussion over their use in vitrectomized eyes, particularly in terms of pharmacokinetics and drug clearance. Results from some studies using animal models have suggested that anti-VEGF intravitreal agents have a shorter half-life and are cleared more quickly in vitrectomized eyes [34] . In contrast, analysis of 3-year data in a DRCR.net trial of ranibizumab and prompt or deferred laser treatment found that there was no significant difference in long-term outcome at annual time points in vitrectomized eyes when compared to non-vitrectomized eyes [35] . Although the results of this study are not directly comparable to those of two studies looking at sustained-release dexamethasone [36, 37] , it may be worth noting that these studies found no statistically significant difference in the vitreoretinal pharmacokinetics between vitrectomized and non-vitrectomized eyes [36] and showed good clinical efficacy in vitrectomized eyes [37] .
In one of the first publications looking solely at the treatment of vitrectomized eyes with the FAc implant, Kumar et al. described two cases of vitrectomized eyes previously treated with anti-VEGF and triamcinolone that showed complete resolution of DMO up to 1 year post implant [38] . Meireles et al. looked at the efficacy and safety of the FAc implant in 26 eyes with prior vitrectomy from six European countries [39] . Mean time to insertion was 24.2 months post vitrectomy, and mean follow-up time was 255 days. Mean gain in BCVA was 11.7L, and there was a mean reduction in CRT of 233.5 lm. There was a mean rise of IOP from baseline of 1.4 mmHg, and eight eyes required IOP-lowering drops or had been on them prior to FAc implant. The authors concluded that the FAc implant was safe and effective in vitrectomized eyes.
In a further retrospective analysis of 43 eyes, comparing vitrectomized (n = 24) and non-vitrectomized (n = 19) eyes treated with FAc implant for DMO, Pessoa et al. found a gain of at least 15L in 37.5% of vitrectomized eyes (group 1) and in 36.8% of non-vitrectomized eyes (group 2) [40] . In addition, there was a mean reduction in CRT from baseline of 217.7 and 155.6 lm in groups 1 and 2, respectively; however there was no statistical difference between the two groups. There was no significant difference for IOP and the need for IOPlowering medications between the groups. Although these results appear to show no significant difference between the two groups, the mean follow-up was 8.1 months, and thus further long-term follow-ups and studies are needed.
All of these studies are limited by small numbers and their retrospective nature. There is limited evidence for real world outcomes in vitrectomized eyes, and further studies are needed in these patients.
Despite good outcomes, care should be taken in vitrectomized eyes. The migration of the implant into the anterior chamber in patients who had had prior vitrectomy was seen in two eyes in the series by El-Ghrably et al., where posterior capsular defect had been identified previously [28] . There were no long-term adverse effects for these eyes. Moisseiev et al. also reported a case of 'floater' in a patient with previous vitrectomy where the implant had centralized in the visual axis with vitreous attachment [41] . It should be noted that YAG vitreolysis was required to break the adhesion, but this treatment resolved the patient's symptoms. In another case, Andreatta et al. reported a dislodgment of FAc implant into the infusion cannula during vitrectomy [42] .
HOW DOES THE FAC 0.19 MG IMPLANT (ILUVIEN TM ) FIT INTO CURRENT TREATMENT REGIMENS, PATIENT MANAGEMENT AND GUIDELINES
Regulatory Approvals
In 17 European countries the FAc 0.19 mg implant has been approved for the treatment of patients with DMO insufficiently responsive to available therapies [17] [18] [19] [20] . In some countries, such as the UK, Italy and Spain, reimbursement is restricted for use only in eyes with an intraocular (pseudophakic) lens [17, 19, 20] . In the USA, the implant is approved for patients with DMO who have had prior treatment with corticosteroid and found not to have a clinically significant rise in IOP [18] . It is contraindicated in patients with confirmed or suspected ocular or periocular infections, patients with glaucoma with a CDR C 0.8 and patients with a known hypersensitivity to any component of the implant [18] .
DMO is multifactorial disease and as such there should be a variety of treatment options available to tackle it. Anti-VEGF is now the gold standard in the treatment of DMO; however, not all patients respond or are able to maintain monthly anti-VEGF treatments. In the study of Gonzalez et al. [43] , almost 40% of patients treated with anti-VEGF had a minimal response (less than 5L gain) in BCVA after 3 months, and this was associated with worse long-term BCVA. The FAc implant as a corticosteroid is an effective treatment option for the management of DMO and, as suggested by the European Society of Retinal Specialists (EURETINA), should be considered for patients lacking a response to current first-line treatments [44] . These guidelines also advise that retreatment with FAc implant can be considered after 1 year. Although the FAc 0.19 mg implant IS particularly appropriate for pseudophakic patients, phakic patients are being treated but should be advised of the high risk of cataract formation.
WILL IT BE COST EFFECTIVE AND BENEFICIAL FOR MY PATIENTS?
Cost-effect analyses have shown the FAc implant to be a cost-effective treatment in insufficiently responsive DMO in both phakic and pseudophakic patients [45, 46] because of its long-acting efficacy, safety profile and tolerability. The requirement for adjunctive treatment post implant within 3 years is lower than that for average anti-VEGF treatment regimes [9, 33] . A recent comparative study of anti-VEGF treatments in DMO reported that a median of nine injections of aflibercept and ten injections of ranibizumab/bevacizumab were required to control DMO over a 12-month period [47] .
In a UK study, Quhill and Beiderbeck undertook a cost analysis of the FAc implant looking at the overall cost of treatment with the FAc implant and one additional ranibizumab treatment per year, compared to ranibizumab as needed, using an average of 14 lucentis treatments over 3 years [46] (based on the RESTORE extension study [48] ). These authors calculated a cost saving of around £6068 in pseudophakic eyes using the FAc implant and £5341 in phakic eyes (taking into account the added cost of cataract surgery). Additionally, reducing the need for treatment is an important benefit for patients, as the number of injections has been shown to affect quality of life, with a higher frequency causing an increase in work leave and anxiety [49] . In addition, vital treatment time and workload are reduced in already overstretched ophthalmology departments.
CONCLUSION
The FAc 0.19 mg implant (Iluvien   TM   ) is a licensed treatment for use in DMO and has been shown to be effective, to have good tolerability and to be a cost-effective option for insufficiently responsive DMO, with a long-acting duration up to 36 months in both vitrectomized and non-vitrectomized eyes. It should be considered as a second-line option for treatment of DMO in patients whose eyes do not sufficiently respond to first-line treatment (unless otherwise contraindicated). It is also a valuable alternative in cases where anti-VEGF treatment is not a viable option. Clinicians may consider evaluating 'IOP steroid responsiveness' prior to treatment with FAc implant to reduce the risk of IOP-related events in patients. Ongoing studies will help to further define the patients with DMO most likely to benefit from the FAc implant, but this implant already has a valuable place in our treatments for this sight-threatening disease.
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